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Experimental evaluation of endometric devices usually relies on visual, subjective detection
of the apical constriction to determine the accuracy of measurements. The aim of the pres-
ent study was to analyze the accuracy of measurements of Raypex 6 and EndoPilot using a
novel, objective image-analysis system.
Methods
Onehundred and twenty teeth were randomized and allocated to three groups: After coronal
flaring, either Raypex 6 or EndoPilot were used to determine the endodontic working length
during instrumentation using manual files (RPM and EPM group respectively). In addition,
EndoPilot was used for continuous, automatic measurement during rotating instrumentation
(EPA group). If the working length had been reached according to endometric results, the
files were fixed in place. Tooth and file were then embedded and prepared for analysis. Sub-
sequently, the distance between the tip of the file and the apical constriction (DAC) or the api-
cal foramen (DAF) was calculated using trigonometric analysis and the position of the file
relative to AC and AF was analyzed.
Results
Both inter- and intra-examiner-reliability of the trigonometric analysis were nearly perfect
(ICC = 0.999, p<0.001). DAC was not significantly different between groups (p>0.05, t-test).
DAF was significantly decreased when EPA had been used compared to EPM (p<0.05,
Exact-test). EPA resulted in files being positioned beyond AF significantly more often than
the other two methods (p<0.01).
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Conclusions
All methods allowed reliable detection of AC. However, EPA significantly increased the risk
of overpreparation. Objective, digital assessment based on image analysis was suitable to
compare the accuracy of different endometric devices.
Introduction
The long-term success of endodontically treated teeth is determined by several factors like the
presence, degree and extension of periapical inflammation or infection, a sufficient root filling
as well as an adequate coronal seal [1, 2]. Longer average retention time of teeth increase end-
odontic treatment needs, and with rising life expectancy the number of performed root canal
treatments per patient increases as well [3]. One of the most important factors for the long-
term prognosis of a root filled tooth is the length of instrumentation and the position of the
apical seal [4–7]. If the instrumentation remains shorter than desired (under preparation) in
the case of necrotic pulp, bacteria remain and survive apically to the instrumented areas [8, 9].
Over preparation transports bacteria and infected tissue into the periapex, thereby compromis-
ing healing and regeneration of periapical tissues [10].
Radiographic measurement allows detection only the radiological apex [11], which is com-
monly found 1 mm beyond the apical constriction, with great variations from this rule [12, 13].
Thus, a solely radiographical determination of the working length is associated with a high risk
of overpreparation [14]. In contrast, endometric measurements were shown to be a reliable,
accurate method to estimate the length of the root canal [4, 15] and to determine the interval
between the anatomical apex and the apical constriction [4, 16].
A major problem when experimentally assessing the accuracy of different endometric mea-
surement systems is the identification of the apical constriction (AC): Often, a visual assess-
ment using magnification aids was performed, which is prone to subjectivity and of limited
reliability [4, 17, 18]. The present study introduces a newly designed image analysis software
system, which allows reliable and objective identification of the AC. The system is used to com-
pare two new endometric measurement devices, which use different measurement techniques.
Both Raypex 6 (VDW, Munich, Germany) and EndoPilot (Schlumbohm, Brokstedt, Germany)
allow manual assessment of the endodontic working length. In addition, EndoPilot allows con-
tinuous measurements during rotating instrumentation. Raypex 6 succeeds Raypex 5, which
was shown to determine the working length with high reliability [17], whereas the EndoPilot
uses a new detection method based on an impulse measuring system, thereby allowing
increased measurement frequency and thus improving the accuracy for continuous measure-
ments [19, 20]. The aim of this study was to compare the accuracy of manual and continuous
endometric measurements in the assessment of the endodontic working length using an objec-
tive digital analysis system.
Materials and Methods
Specimen preparation
120 sound, caries-free, unrestored permanent teeth with complete root formation, which were
extracted due to surgical or periodontal concerns with informed consent and under a protocol
approved by the school’s IRB (Ethic committee of the Christian-Albrechts-University Kiel
D444/10), were selected. Written consent was given, and only adult teeth were used. Teeth
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were cleaned and those with apical resorptions or vertical fractures excluded; specimens were
stored in 0.08% thymol solution. Molars (n = 60) and single-rooted teeth (premolars and ante-
riors n = 60) were block-randomized and allocated to three experimental groups (Raypex, dis-
crete measurement [RPM], EndoPilot manual, discrete measurement [EPM], EndoPilot
automatic, continuous measurement [EPA], n = 40/group).
Pulpal access was prepared using water-cooled diamond-coated instruments (Brasseler,
Lemgo, Germany), and the occlusal surface ground flat to allow reproducible length measure-
ment. Root canal orifices were coronally enlarged using size 3 and 2 Gates-Glidden-burs (Bras-
seler GmbH, Lemgo, Germany). After irrigating the pulp chamber with 2ml of 3% NaOCl
solution (25°C, 3 min), canals were initially explored until the apical third of the roots was
entered using ISO 06 and 08 K-files (VDW, Munich, Germany).
Endometric measurement
To assess endometric measurements, an established measurement model was used [4, 18].
Teeth were mounted in a measurement chamber, which was then filled with 0.9% NaCl-solu-
tion, with roots being completely covered by the solution. For manual measurements, a size
#10 K-file was used (VDW), while automatic measurements were performed using a #10 Mtwo
file (VDW), with both files being used according to manufacturer’s instructions. Both endo-
metric devices were calibrated and used according to manufacturer’s instructions.
For manual endometric measurement with Raypex 6 (RPM-group), the second green line
on the displayed index was used to indicate a working length reaching the AC, while, similarly,
a metric measurement result of 36 was used for manual measurements with EndoPilot (EPM-
group). Since the EndoPilot allows continuous automatic measurement during rotating instru-
mentation, the auto-stop function was used for automatic measurements with EndoPilot
(EPA-group). During all measurements, root canals were intermittently irrigated with a total
of 2ml 3% NaOCl solution per canal.
If the AC had been reached according to the endometric measurement, files were fixed
within the teeth using flowable resin (Tetric EvoFlow, Ivoclar Vivadent, Ellwangen, Germany).
Teeth were then embedded in acrylic resin (Technovit 4071, Heraeus Kulzer, Wehrheim, Ger-
many), ground and polished (ATM Saphir 360 E, ATM, Mammelzen, Germany) under micro-
scopic observation (STEMI, Zeiss, Oberkochen, Germany) until the middle of the root canal
(the maximum width) was exposed.
Evaluation
Digital images of cross-sections showing both the tip of the measurement file and the apical
area were assessed using a microscope (Axiophot 2, Zeiss, Jena, Germany) interfaced with a
digital imaging system (CFW 1312M, Scion, Frederick, USA) and a personal computer. The
images were calibrated and scaled using AxioVision (Zeiss, Jena, Germany). The walls of the
root canals were digitally marked (Adobe Photoshop CS5.1; Adobe, Munich Germany); the
smallest distance between both walls was determined using an experimental software system
(Fig 1).
The diameter of the apical constriction and the apical foramen were measured. The distance
(D) between the tip of the file and AC or the apical foramen (AF) was calculated using trigono-
metric analysis with the formula (Fig 2).
D ¼ b sin /
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Fig 1. Microscopic, digitalized image of the apex, the periapical region and the endodontic file. The marked outline root canal is shown in red, the
computer detected AC and its diameter (in μm) in yellow.
doi:10.1371/journal.pone.0134383.g001
Fig 2. Trigonometric analysis of the distance between the tip of the file and the AC (DAC, a) or the AF
(DAF, b), respectively.
doi:10.1371/journal.pone.0134383.g002
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Using a similar approach, the mean distance between AC and AF was determined (Fig 2).
The digital evaluation was independently performed by two dentists, and evaluation of 20 ran-
dom images was additionally repeated after two weeks to allow calculation of inter- and intra-
examiner reliability using intra-class-coefficients (ICC). Subsequently, it was analyzed if the tip
of the file was positioned between AC and AF, before AC, or beyond AF, respectively.
Data were statistically contrasted using GraphPad Prism 6.0 (GraphPad Software, La Jolla,
USA). To assess the influence of the endodontic measurement system on D, we performed
one-way analyses of variance (ANOVA). To compare groups, independent samples t-test as
well as Fisher’s Exact Test were used. Statistical significance was assumed if p<0.05.
Results
The computer-aided measurement was shown to be a consistently reliable method. Both intra-
and inter-rater reliability were near perfect, with mean (95% CI) ICC being 0.999 (0.999/1.000,
p<0.0001) for detection of both DAC and DAF.
Mean (SD) diameters of AC and AF were 0.27 (0.11) mm and 0.64 (0.22) mm, respectively.
The mean (SD) distance between AC and AF was 0.36 (0.26) mm. There were no significant
differences of these values between groups (p>0.05, ANOVA).
DAC was not significantly different among groups (p>0.05). DAF was significantly smaller
for EPA compared with EPM (p<0.01), while RPM showed no difference compared to other
groups (Table 1).
In addition, EPA showed the highest frequency of over instrumentation when compared
with EPM and RPM (p<0.001), whereas instrumentation aided by RPM resulted in files being
positioned between AF and AC in the majority of measurements.
Discussion
The study compared the accuracy of discrete endometric measurement of Raypex 6 and Endo-
Pilot, and additionally evaluated the accuracy of continuous, automatic measurement of
EndoPilot.
The precise determination of the working length is a crucial factor in root canal treatments
[21], the endometric measurement provides the most accurate and reliable method [6] com-
pared to tactile and radiographic determination.
A study conducted by Huang showed that endometric measurements rely on electro-physi-
cal rather than biological conditions of the surrounding tissues [22]. Thus, in vitro simulation
of these conditions is suitable to experimentally assess different endometric devices [23, 24]. In
addition, it was shown that endometric devices are most likely able to reliably determine the
interval between AC and AF [6, 25], whereas the results of this and other studies show that
most systems do not reach this aim yet [15].






Different letters along rows indicate signiﬁcant differences between groups (p<0.05). Negative values
indicate positions of the ﬁle beyond/apical AC or AF, positive values indicate positions before/coronal these
reference points.
doi:10.1371/journal.pone.0134383.t001
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In this study the analysis of both the apical anatomy and the relative position of the file
using a digital system based on image analysis allowed an objective, reliable and precise evalua-
tion of the accuracy of each measurement method. With the described analysis, both AC and
AF can be determined without the need of subjective approximations [18]. In addition, the pre-
sented method dramatically decreased the detection limit of experimental analyses [26–28],
from mm to μm [29].
Our results concerning the diameter of AC and AF and the distance between both are in
accordance with previous studies [12, 13].
However, the two-dimensional assessment of a three dimensional system is a limitation of
the present study: Since AC and AF are not planar entities, but rather stretch along a certain
root canal length and diameter, such assessment may lead to misinterpretation of the accom-
plished measurements. Furthermore, a three-dimensional detection of this landmark using for
instance a micro-CT might offer some advantages [30, 31], but would cause less accurate
results than the two dimensional assessments [32, 33].
The results showed high accuracy for both devices, if they were used for manual determina-
tion of the working length. However, none of the devices seemed to offer significant advantages
when compared to other commercial systems [17]. While less than 5% of the canals had been
overprepared when endometric assessment was done manually-discrete, the automatic, contin-
uous measurement led to significantly more overpreparation (24%). This might be due to the
apically driven working mode of rotating instruments; a slow motion mode approach in prox-
imity to AC might have some benefits. Further studies should assess other rotating endodontic
systems with continuous automatic endometric measurements. In addition, future research
may address how the rotating files themselves affect the manual-discrete measurement, and if
continuous endometric assessment is more accurate without the auto-stop function.
Conclusions
This study found high accuracy for RPM and EPM, with no significant differences between the
systems, whilst continuous automatic measurements were more often associated with over
preparation than manual, discrete measurements. This might be associated with the auto-stop
function used and should be further analyzed. The employed image-analysis-based assessment
system has high reliability and is suitable for the comparison of endometric measurement
devices in vitro.
Acknowledgments
The authors would like to thank VDW (München, Germany) and Schlumbohm (Brokstedt,
Germany) for supplying the endometric measurement devices Raypex 6 and Endopilot, respec-
tively. None of the authors have any confiict of interest related to this study.
Author Contributions
Conceived and designed the experiments: DC FS CF CD BGS. Performed the experiments: DC
CF. Analyzed the data: DC CF AH. Contributed reagents/materials/analysis tools: DC CF AH.
Wrote the paper: DC. Designed the software used in analysis: AH.
References
1. Ricucci D. Apical limit of root canal instrumentation and obturation, part 1. Literature review. Int Endod
J. 1998; 31(6):384–93. Epub 2004/11/24. PMID: 15551606.
2. Ricucci D, Langeland K. Apical limit of root canal instrumentation and obturation, part 2. A histological
study. Int Endod J. 1998; 31(6):394–409. Epub 2004/11/24. PMID: 15551607.
In Vitro Comparison of Different Endometric Devices
PLOS ONE | DOI:10.1371/journal.pone.0134383 August 3, 2015 6 / 8
3. Eriksen HM. Endodontology—epidemiologic considerations. Endod Dent Traumatol. 1991; 7(5):189–
95. Epub 1991/10/01. PMID: 1687387.
4. Ebrahim AK, Wadachi R, Suda H. In vitro evaluation of the accuracy of five different electronic apex
locators for determining the working length of endodontically retreated teeth. Aust Endod J. 2007; 33
(1):7–12. Epub 2007/04/28. doi: 10.1111/j.1747-4477.2007.00049.x PMID: 17461834.
5. Liang YH, Li G, Shemesh H, Wesselink PR, Wu MK. The association between complete absence of
post-treatment periapical lesion and quality of root canal filling. Clin Oral Investig. 2012; 16(6):1619–26.
Epub 2012/01/10. doi: 10.1007/s00784-011-0671-3 PMID: 22228024; PubMed Central PMCID:
PMC3501171.
6. Schaeffer MA, White RR, Walton RE. Determining the optimal obturation length: a meta-analysis of lit-
erature. J Endod. 2005; 31(4):271–4. Epub 2005/03/29. PMID: 15793382.
7. Dunlap CA, Remeikis NA, BeGole EA, Rauschenberger CR. An in vivo evaluation of an electronic apex
locator that uses the ratio method in vital and necrotic canals. J Endod. 1998; 24(1):48–50. Epub 1998/
03/06. doi: 10.1016/s0099-2399(98)80214-8 PMID: 9487868.
8. Ramachandran Nair PN. Light and electron microscopic studies of root canal flora and periapical
lesions. J Endod. 1987; 13(1):29–39. Epub 1987/01/01. doi: 10.1016/s0099-2399(87)80089-4 PMID:
3469299.
9. Chugal NM, Clive JM, Spangberg LS. Endodontic infection: some biologic and treatment factors associ-
ated with outcome. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2003; 96(1):81–90. Epub 2003/
07/09. doi: 10.1067/moe.2003.S1079210402917038 PMID: 12847449.
10. Hellwig E, Klimek J, Attin T. Einführung in die Zahnerhaltung: Prüfungswissen Kariologie, Endodontolo-
gie und Parodontologie: Deutscher Ärzteverlag; 2009.
11. Katz A, Tamse A, Kaufman AY. Tooth length determination: a review. Oral Surg Oral Med Oral Pathol.
1991; 72(2):238–42. Epub 1991/08/01. PMID: 1923402.
12. Green D. A stereomicroscopic study of the root apices of 400 maxillary and mandibular anterior teeth.
Oral Surg Oral Med Oral Pathol. 1956; 9(11):1224–32. Epub 1956/11/01. PMID: 13370115.
13. Green D. Stereomicroscopic study of 700 root apices of maxillary and mandibular posterior teeth. Oral
Surg Oral Med Oral Pathol. 1960; 13:728–33. Epub 1960/06/01. PMID: 13851474.
14. ElAyouti A, Weiger R, Lost C. Frequency of overinstrumentation with an acceptable radiographic work-
ing length. J Endod. 2001; 27(1):49–52. Epub 2001/08/07. doi: 10.1097/00004770-200101000-00018
PMID: 11487165.
15. Lauper R, Lutz F, Barbakow F. An in vivo comparison of gradient and absolute impedance electronic
apex locators. J Endod. 1996; 22(5):260–3. Epub 1996/05/01. PMID: 8632140.
16. Mull JP, Manjunath V, Manjunath M. Comparison of accuracy of two electronic apex locators in the
presence of various irrigants: An in vitro study. J Conserv Dent. 2012; 15(2):178–82. Epub 2012/05/05.
doi: 10.4103/0972-0707.94585 PMID: 22557820; PubMed Central PMCID: PMC3339016.
17. Hoer D, Attin T. The accuracy of electronic working length determination. Int Endod J. 2004; 37(2):125–
31. PMID: 14871179
18. Hör D, Krusy S, Attin T. Ex vivo comparison of two electronic apex locators with different scales and fre-
quencies. Int Endod J. 2005; 38(12):855–9. PMID: 16343110
19. SchlumbohmG, inventorVerfahren zum Bestimmen der Position einer in einen Zahnwurzelkanal einge-
führten Messelektrode. Germany2008.
20. Schlumbohm G, inventorVerfahren zum Antrieb eines auf einer Antriebseinheit angetriebenen medizi-
nischen Instrumentes2012.
21. Bergenholtz G, Lekholm U, Milthon R, Engstrom B. Influence of apical overinstrumentation and overfill-
ing on re-treated root canals. J Endod. 1979; 5(10):310–4. Epub 1979/10/01. doi: 10.1016/s0099-2399
(79)80080-1 PMID: 297752.
22. Huang L. An experimental study of the principle of electronic root canal measurement. J Endod. 1987;
13(2):60–4. Epub 1987/02/01. doi: 10.1016/s0099-2399(87)80156-5 PMID: 3470425.
23. Kobayashi C, Suda H. New electronic canal measuring device based on the ratio method. J Endod.
1994; 20(3):111–4. Epub 1994/03/01. doi: 10.1016/s0099-2399(06)80053-1 PMID: 7996080.
24. Markula-Liegau A. In vitro Untersuchung zur Endometrie mit demMessgerät Root ZX Zahnmed. Diss,
Erlangen. 1996.
25. Somma F, Castagnola R, Lajolo C, Paterno Holtzman L, Marigo L. In vivo accuracy of three electronic
root canal length measurement devices: Dentaport ZX, Raypex 5 and ProPex II. Int Endod J. 2012; 45
(6):552–6. Epub 2012/01/20. doi: 10.1111/j.1365-2591.2011.02010.x PMID: 22257341.
In Vitro Comparison of Different Endometric Devices
PLOS ONE | DOI:10.1371/journal.pone.0134383 August 3, 2015 7 / 8
26. Pagavino G, Pace R, Baccetti T. A SEM study of in vivo accuracy of the Root ZX electronic apex loca-
tor. J Endod. 1998; 24(6):438–41. Epub 1998/08/07. doi: 10.1016/s0099-2399(98)80029-0 PMID:
9693591.
27. Plotino G, Grande NM, Brigante L, Lesti B, Somma F. Ex vivo accuracy of three electronic apex loca-
tors: Root ZX, Elements Diagnostic Unit and Apex Locator and ProPex. Int Endod J. 2006; 39(5):408–
14. Epub 2006/04/28. doi: 10.1111/j.1365-2591.2006.01095.x PMID: 16640641.
28. Keller ME, Brown CE Jr., Newton CW. A clinical evaluation of the Endocater—an electronic apex loca-
tor. J Endod. 1991; 17(6):271–4. Epub 1991/06/11. doi: 10.1016/s0099-2399(06)81865-0 PMID:
1940752.
29. Hoer D, Attin T. The accuracy of electronic working length determination. International endodontic jour-
nal. 2004; 37(2):125–31. Epub 2004/02/12. PMID: 14871179.
30. Moura-Netto C, Palo RM, Camargo CH, Pameijer CH, Bardauil MR. Micro-CT assessment of two differ-
ent endodontic preparation systems. Braz Oral Res. 2013; 27(1):26–30. Epub 2012/12/05. PMID:
23207901.
31. Stavileci M, Hoxha V, Gorduysus O, Tatar I, Laperre K, Hostens J, et al. Effects of preparation tech-
niques on root canal shaping assessed by micro-computed tomography. Med Sci Monit Basic Res.
2013; 19:163–8. Epub 2013/06/14. doi: 10.12659/msmbr.889350 PMID: 23760162; PubMed Central
PMCID: PMC3692384.
32. Klinke T, Daboul A, Maron J, Gredes T, Puls R, Jaghsi A, et al. Artifacts in magnetic resonance imaging
and computed tomography caused by dental materials. PLoS One. 2012; 7(2):e31766. Epub 2012/03/
03. doi: 10.1371/journal.pone.0031766 PMID: 22384071; PubMed Central PMCID: PMC3285178.
33. Marending M, Schicht OO, Paque F. Initial apical fit of K-files versus LightSpeed LSX instruments
assessed by micro-computed tomography. International endodontic journal. 2012; 45(2):169–76. Epub
2011/10/14. doi: 10.1111/j.1365-2591.2011.01967.x PMID: 21992481.
In Vitro Comparison of Different Endometric Devices
PLOS ONE | DOI:10.1371/journal.pone.0134383 August 3, 2015 8 / 8
